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Article Info ABSTRACT 


A rectangular tuneable ultra-wideband (UWB) microstrip patch (MP) antenna 
based on a single sheet of graphene (SSG) is designed in this study. 
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The antenna band can be tuned by applying a DC voltage bias perpendicular 
to the SSG at various values via adjusting the input impedance. The antenna 
has been analyzed by computer simulation technology (CST) microwave 


studio (MWS) software using an FR4 substrate of thickness 1.6 mm with 
a dielectric permittivity £= 4.4 and loss tangent tan 6= 0.02 fed by a 50 Q 
Keywords: microstrip line frequency. The design is compact since the antenna consists 
mostly of copper and the SSG. Graphene’s low weight, high flexibility, 
and strength make it more attractive than other semiconductor materials. 
ag Then, the study investigates the effects of applying the electrical 
Notch-characteristics characteristics of graphene to the antenna’s length, which varies with the ON 
Reconfigurability and OFF states. This UWB MP antenna is also designed with notch 
Ultra wideband antenna characteristics so that it can reject undesired interference signals. 
Subsequently, this compact UWB MP antenna with tuneable resonance 
frequency is suitable for most wireless communication applications. 
The simulation results work in the 3.1 to 10 GHz range, as required 
for UWB technology. 
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1. INTRODUCTION 

Ultra-wideband (UWB) technology is attractive for wireless applications of promising 
communications methods. In the USA, the Federal Communications Commission (FCC) restricts the UWB 
frequency spectrum between 3.1 to 10.6 GHz range. UWB antennas are desired for different applications such 
as wireless communications, military purposes, indoor positioning, and medical applications due to their ability 
to transmit a very high bit rate with a low power spectrum [1, 2]. 

Microstrip patch (MP) antennas are used most frequently in UWB antenna designs due to advantages 
such as being light-weight, compactable, inexpensive, and compact. Moreover, MP antennas have a wide 
operating bandwidth and exhibit omnidirectional patterns [3]. With such wide applications across 
the spectrum, an absorbing material is required to absorb waves with changes in the resonant frequency. 
One such absorbing material is a graphene impedance surface, which enhances the performances 
of various antennas by changing their resonance frequencies via the implementation of an external DC voltage 
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bias. Hence, changing the impedance values leads to the mimicry of the ON and OFF states found in 
switches [4, 5]. 

Graphene is a two-dimensional atomic material that consists of carbon atoms organized in 
a hexagonal lattice. In addition, graphene has special characteristics that make it an attractive material for smart 
devices. In particular, the absorption of an unbiased original single sheet of graphene (SSG) is exactly 2.3% of 
incoming light. Graphene, has been widely investigated for in optical, thermal, medical, electronic, and more 
other applications [5, 6]. The literature presents different designs for antennas such as antenna having square 
slot [7], a loaded pad of graphene on an MP antenna [8], different UWB designs [9], a graphene based 
conductor for a UWB antenna [10], a novel transparent UWB antenna [11], an MP antenna with enhanced gain 
and bandwidth for UWB wireless applications [2], and interference mitigation using slot cutting in UWB 
antenna [12]. 

Antenna size is an important factor in controlling operational bandwidth, where increasing 
the dimensions of the antenna will increase the operational band range. To achieve a small size for an UWB 
antenna, the antenna proposed in this study has a new configurable design based on graphene material [5]. 
The graphene be tuned by implementing an associated electric field perpendicular to the graphene layer, which 
will change the physical length of the structure in the ON and OFF states. Therefore, the antenna match and 
tuneable frequency band will be enhanced. The resulting UWB antenna has a high bit rate and low power 
consumption, thus is increased [13]. 

This paper will introduce a description about the probability of minimizing the size of the UWB 
antenna and increase in the operational bandwidth with additional tunable band-notched antenna. This can be 
done by configuring the design based on graphene material operates with UWB. This paper is arranged as 
follows: section 2 explains the proposed antenna design, how to implement the graphene material, 
and the performance of UWB MP antenna with SSG using computer simulation technology (CST) microwave 
studio (MWS) [14]. Next, section 3 discusses the simulation results. Finally, the conclusion is summarized in 
section 4. 


2. PROPOSED ANTENNAS DESIGN 
2.1. MP antenna 

An MP antenna is small, low weight, and easy to fabricate; these characteristics and more meet 
the needs of wireless communication applications. Figure 1 displays the front and back views of the proposed 
antenna. The antenna is designed on an FR4 substrate with a thickness of 1.6 mm with dielectric reletive 
permittivity ¢,= 4.4 and loss tangent tan ó= 0.02 fed by a 50 Q microstrip line frequency where the ground 
plane is on the other side of the substrate. A microstrip feed line technique is used for feeding the antenna due 
to its ease of fabrication and easy matching. The patch is rectangular and the total size of the proposed antenna 
including the substrate is 23.9x28.5 mm. The patch dimensions are W,,xL,,, and it consists of two rectangular 
steps—one larger than the other with dimensions L,xW, and L,xW,. The feed line’s width and length are 
denoted by (w+) and (L;), respectively, the ground plane’s high is represented by (Lg), and there is a gap (G) 
between the patch and ground plane. There is also a slot cut out of the ground plane with dimensions 
LstotXWsiot Which has been included to enhance the impedance matching at the higher frequency band more 
than the lower band. 

For this proposed design of UWB antenna with a rectangular MP, the essential parameters are set as: 
frequency of operation (f) = 7.5 GHz, dielectric constant of the substrate (£) = 4.4, and height of dielectric 
substrate (h) = 1.6 mm [15, 16]: 


Wp = > (1) 


=1 
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L, = (E - 2AL) (6) 
B= AE g 
W; = ={ B-1-In(2B -1) + Een |in(B — 1) + 0.39 — (=) (8) 
Lr = 3.96x Wr, (9) 


where €gr¢ 18 the effective dielectric constant, h is the height of the dielectric substrate, W, is the width of 
the patch, Lepp is the effective length of patch, L, is actual length of patch, AL is the length extension, and Zo 
is the equivalent feed line impedance. The first and second steps are obtained by trial and error. The dimensions 
of patch and feed line are demonstrated in Figure 1. The values of the parameters are presented in Table 1. 





+ eso 


Ws Ws 
(a) (b) 


Figure 1. Designs of the UWB MP antenna; 
(a) MP antenna and (b) Back view of ground plane 


Table 1. Dimensions of the proposed UWB MP antenna 


Parameter Value (mm) Parameter Value (mm) 
Substrate length, Ls 23.9 First step length, L4 0.8 
Substrate width, W% 28.5 First step width, W, 8.7 
Ground length, Lg 9.85 Second step length, L3 12 
Ground width, W, 28.5 Second step width, W, et 
Patch length, Lp 8.8 Ground plane slot width, W5)6; 4.8 
Patch width, W, 12.7 Ground plane slot length, Lsiot 0.9 


The antenna response simulation result for the proposed UWB patch antenna is shown in Figure 2. 
Figure 2 displays the proposed antenna for a covered bandwidth of 4.27 to 13 GHz and the return loss response 
has two resonating frequency bands at 5.13 and 9.89 GHz. These frequencies are due to the parameters given 
in Table 1. The radiation patterns of the resulting antenna are shown in Figure 3. Figure 3 shows 
the antenna is omnidirectional at frequencies 5.13 and 9.89 GHz with gains of 2.78 and 5 dBi, respectively. 
With regards to Figure 4, it 1s obvious that the proposed antenna has acceptable omnidirectional radiation 
patterns at two specific frequencies. 
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Figure 2. Simulated return loss of the proposed UWB antenna 
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Figure 3. Gain of UWB MP antenna at resonant frequencies; (a) 5.13 GHz and (b) 9.89 GHz 
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Figure 4. Simulated far-field radiation pattern for 
the proposed UWB MP antenna design; (a) 5.13 GHz and (b) 9.89 GHz 


2.2. Modifications to the UWB MP antenna elements 

In order to enhance the antenna’s performance, some modifications needed to be made to obtain notch 
resonance behaviour. Adjustments were made to the patch, ground plane, feed line, and ground slot the while 
keeping the essential parameters constant, thus improving the bandwidth. In addition, the patch shape was 
changed from rectangular to square, to provide a new resonance. Table 2 shows a comparison between 
the original and modified dimensions. After the modifications, the antenna provides better performance in 
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terms of bandwidth, gain, and radiation characteristics which can satisfy the requirements of wireless 
communication applications. 

Figure 5 shows the simulated return loss curve of the proposed UWB antenna after modifications. 
The antenna’s performance is quite clear in the operating region from 2.59 to 11.7 GHz, and there are three 
resonating frequency bands displayed at 3.075 GHz, 5.81 GHz, and 10.54 GHz with return loss of -20.2 dB, 
-46 dB, and -45.5 dB, respectively. Figure 6 shows the simulated modified gain for each frequency 
and Figure 7 exhibits the far-field radiation pattern obtained with the enhancement in antenna gain. 
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Figure 5. Effects of the modifications on the return loss of the proposed UWB MP antenna 





Figure 6. Gains for proposed UWB MP antenna; (a) 3.075 GHz, (b) 5.81 GHz, and (c) 10.54 GHz 
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Table 2. Comparison between the standard and modified parameters of the UWB MP antenna 
















Parameter Calculated Value (mm) Selected Value (mm) 
Substrate length, Ls 23.9 38 
Substrate width, W; 28.5 40 
Ground length, Lg 11.8 11.7 
Ground width, W, 28.5 40 
Patch length, Lp 8.8 18 
Patch width, W, 12.7 18 
Width of the feed, W; 3.1 3.1 
Length of the feed, Lp 9.98 [2.2 
First step width, W, 8.7 10.8 
Second step width, W, 5.7 7.6 
First step length, L4 0.8 2.4 
Second step length, Lz 1.2 1.2 
Gap between patch & ground, G 0.2 0.5 
Ground plane slot width, W.),; 4.7 3.8 
Ground plane slot length, Letot 0.9 22 
Farfield Directivity Abs (Phi=90) Farfield Directivity Abs (Phi=90) 
— farfield (f=3.075) [1] 0 farfield (f=5.81) [1] 
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Figure 7. Radiation patterns for proposed UWB MP antenna; 
(a) 3.075 GHz, (b) 5.81 GHz, and (c) 10.54 GHz 


2.3. Implementing the graphene material 

Graphene’s low weight and thickness (essentially zero), high flexibility, and excellent electronic 
and electric characteristics distinguish it from other semiconductors. It can be used to obtain a better tuneable 
frequency and in decreasing or increasing the physical length of the antenna structure [5, 17]. Figure 8 (a) 
depicts SSG with dimensions (Lssgx Wssg) on the left side of the antenna. Accordingly, there is high current 
propagation on this side of the antenna and the electric field is concentrated in MP’s sides. The physical length 
of the antenna is affected by the ON and OFF position when the field is applied. Figure 8 (b) represents how 
the DC voltage can be applied to the graphene material. The chemical potential 4e (eV) is related to the carrier 
density n (m7?) as explained in (10): 


He = hve Vna, (10) 


A compact multi-band notched characteristics UWB microstrip... (Noor Raheem) 


1714 O ISSN: 1693-6930 


where ñ or (h-bar) is the reduced Planck’s constant (Js) and ve=1 x 10° is the Fermi velocity (m/s) in graphene. 
Carrier density n is obtained from (11): 


_ €0€rVp 
E dq > (11) 


where €, is the vacuum permittivity (F/m), Vp is the DC voltage bias (V), d is the thickness (m), and q is 
the elementary charge (C). Where the chosen values of Vp, in Table 3, are suitable for devices operating 
at low voltage. 


DC BIAS 
VOLTAGE 


HEAVILY DOPED SEMICONDUCTOR 





(a) (b) 


Figure 8. Proposed UWB MP antenna with SSG; 
(a) UWB MP antenna and (b) Zoomed view of graphene structure 


Table 3. Selected surface impedance Z, values 


Set l 2 
State ON OFF ON OFF 
n [m~2] 2.211x10'® 6x10" 1.11077 6x10"4 
V, [V] l ~ 0 5 ~0 
ulm NW] 2.7 2.7 
D [eV] 4 4 
T [K] 295 295 


Z,[2/ ]  1.05+j2.3 2580+j6 22.35+j1.03  2580+/6 


In order to obtain functional values of the surface impedances Zsoy and Z 
actual values of Jg and Jj, are required. In addition, a high OFF/ON ratio (Z 
The surface resistance values for the ON and OFF states, Z,.., and Z 


sopr 10 ON and OFF states, 


sorp Zsorp) 8 also aimed. 


respectively, provided in Table 3 are 


SON SOFF? 
calculated from (12): 
Zw J nfo Is)-iG+I5)) (12) 
s XY Hc 
q? (I4 Ts)[uc+2kg T In(e ¥BT+1)] 
where 
_ Hp hyn _ 4 Pm vpnvs 
‘= qv -~ nī D2kgT (t3) 
and 
j q qof’? (14) 


where J; is the short-range scattering [18], J], is the long-range scattering [19], kg is the Boltzmann constant 
2 
(J/K), T is the temperature (K), 4; 1s the electron mobility ED, m* is the carrier mass (Kg) in graphene 


material, D is the deformation potential (eV), pm = 7.6 X 107” is the two dimensional mass density of 
graphene (K,/m*), and Vpn = 2.1 X 10% is the sound velocity of LA phonons in graphene (m/s) [5, 20]. 
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The Z;,,, Values are obtained via the saturation carrier density n, which is the result of LA phonons 
scattering and keeping the voltage V, low (1 V and 5 V). As for Zsopp» the value is obtained by adjusting 
the minimum to achieve equal values for the chemical potential and energy of the electron-hole puddles [5]. 
The carrier inhomogeneity density ñ = 6x101* m~? is obtained from [21], which forces the minimum carrier 
density n to be greater than or equal to this value nmin = ^. 

Figure 9 (a) shows the ON state where active voltage DC bias allowing the current to propagate 
through the graphene sheet. Figure 9 (b) shows the OFF state where the current can’t propagate through 
the graphene sheet and go around it. Consequently, a totally different DC voltage bias ought to be sent through 
an individual DC bias line to the specified graphene sheet. Table 4 describes some general parameters of such 
an SSG. It is initially referenced Tp- that the time between switching from one operating frequency to another 
does not need to be quick (on the order of 1 millisecond). The time needed for voltage between the graphene 
and semiconductor to rise from 50% of the latest value to 90% of that value is known as the switching 
time [22]. Note that the dielectric thickness d can be decreased by a few nanometres [23]. Finally, the € 
for the hBN is acquired from [23]. The results were obtained via CST-MWS. The graphene sheet thickness is 
set to zero and simulated as an ohmic sheet surface resistance based on Table 3. 
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Figure 9. Surface current density in different states; (a) ON state and (b) OFF state 


Table 4. Selected general parameters 


General Parameters Value 
Trc [ms] 1 
Switching time [ms] 1.6 
d [nm] 10 
€ for hBN 4 
LssG 0.7 
Wssg 2.3 


Figure 10 shows the return loss when the SSG is switched to the ON and OFF states. The new bands 
that appear cover different microwave applications such as Wi-Fi and Bluetooth vehicular radar systems, which 
are used to detect the locations and movements of objects near a vehicle, thus enabling features such as 
near-collision avoidance, improved airbag activation, and suspension systems that are more responsive to road 
conditions. When the graphene sheet is deactivated (OFF state), the antenna achieved four notche bands at 
3.07 GHz, 5.51 GHz, 8.69 GHz, and 11.33 GHz. When the SSG is activated (ON state) at different DC voltage 
biases based on Table 3: At 1 V, the resonant frequencies changed from 3.07 to 3.05 GHz, 5.51 to 5.59 GHz, 
and 8.7 to 9 GHz. At 5 V, the resonant frequencies changed from 3.07 to 3.039 GHz, 5.51 to 5.73 GHz, 
and 8.7 to 10.44 GHz. 

The proposed antenna can be utilized for different applications, including S-band (3.07 GHz), which 
is used for wireless networking (Wi-Fi), airport surveillance radar, and more; C-band (5.51 GHz, 5.73 GHz, 
and 5.99 GHz), which is used for satellite communications, some wireless devices, and weather radar systems; 
and X-band (8.7 GHz, 9.01 GHz, 10.44 GHz, and 11.33 GHz) which is used for radar, satellite communication, 
and wireless networks. These frequency ranges are specified by the IEEE [24, 25]. The activation 
and deactivation allows the changes between these resonance frequencies without having to make any changes 
in the antenna’s size. Figure 11 shows the UWB MP antenna’s gain is reached around 7.33 dBi which it is in 
acceptable range. 
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Figure 10. Return loss when the SSG is activated and deactivated 
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Figure 11. Gains of the UWB MP antenna when the SSG activated and deactivated; 


(a) 5.51 GHz, (b) 5.73 GHz, (c) 8.69 GHz, (d) 8.98 GHz, (e) 10.44 GHz, and (f) 11.33 GHz 
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3. RESULTS AND ANALYSIS 

The proposed simple MP antenna for UWB applications is illustrated in Figure 1. According to 
the simulation based on calculated parameters, the return loss under -10 dB was achieved between 4.27 to 
13 GHz frequency range. Hence, modifications were made to the design by increasing the dimensions of 
the antenna and the ground slot dimensions, as shown in Figure 5. The modified antenna operated between 
2.59 to 11.7 GHz frequency band and had a new resonance frequency. Thus, it can be used for a new 
application. The tunable graphene surface’s conductivity was maximized by selecting an appropriate place 
on the antenna based on the surface current and the achieved return loss. Figure 10 showed graphene’s effect 
on the tunable bandwidth of the antenna. When two DC voltage biases (1V and 5V) were applied, the return 
loss -10 dB was achieved in frequency range between 2.57 to 12.47 GHz and new resonant frequencies 
were obtained at 5.59 GHz, 5.73 GHz, 8.99 GHz, and 10.44 GHz. The gain values were varied between 
2.44 and 7.33 dBi. 


4. CONCLUSION 

This paper’s aim was to enhance the performance of UWB antenna and presented a MP UWB antenna 
with a ground slot and with good characteristics. Additionally, it had an SSG operating as a tuneable surface 
in order to minimize the antenna’s size and increase its operational bandwidth. Changing the voltage bias 
applied to the graphene proved to be a good way to enhance the physical size of the antenna while increasing 
the operational bandwidth. Although the MP antenna had a weak gain characteristic, the proposed design 
achieved a gain of as much as 7.33 dBi in some frequencies. This design with its UWB feature, small size, 
and a good performance on the part of the graphene is attractive for; S-band, C-band, and X-band applications. 
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